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Abstract
Purpose:  Transcatheter  endovascular  embolization  within  a  reasonable  time  before  rupture
or deterioration  of  a  patient’s  general  condition  is  an  important  procedure  for  managing  vis-
ceral pseudoaneurysms.  N-butyl  2-cyanoacrylate  (NBCA,  enbucrilate)  is  an  embolic  material
used in  the  blockade  of  visceral  pseudoaneurysms.  This  study  evaluated  the  clinical  efﬁcacy  of
transcatheter  embolization  of  visceral  artery  pseudoaneurysms  using  NBCA.
Patients  and  methods:  Between  June  2004  and  February  2014,  13  patients  (9  males  and
4 females;  age  range,  26—80  years;  mean,  57.9  years)  with  14  pseudoaneurysms  were  treated
by transcatheter  embolization  using  NBCA.  NBCA  was  mixed  with  iodized  oil  at  a  1:3  ratio  to
control its  polymerization  time  and  to  render  it  radiopaque.  Pseudoaneurysms  were  located  on
the gastroduodenal  artery  (n  =  1),  pancreaticoduodenal  artery  (n  =  2),  dorsal  pancreatic  artery
(n =  1),  proximal  jejunal  artery  (n  =  1),  colic  artery  (n  =  1),  splenic  artery  (n  =  3),  renal  artery
(n =  4;  two  in  one  patient),  and  hepatic  artery  (n  =  1).
Results:  All  patients  recovered  immediately  following  the  embolization  procedure,  and  two
patients  showed  minor  complications  that  required  only  medical  observation.
Conclusions:  Transcatheter  embolization  using  NBCA  for  the  treatment  of  visceral  pseudoa-
neurysms  is  a  safe,  effective,  and  low-cost  treatment  method  with  a  high  success  rate.© 2015  Éditions  franc¸aises  de  rad
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Selective  arterial  embolization  has  been  accepted
s  an  appropriate  therapy  for  the  treatment  of  vis-
eral  pseudoaneurysms  with  a  high  success  rate  (>  80%)
nd  a  low  complication  rate  [1].  Pseudoaneurysms,  or
alse  aneurysms,  usually  result  from  pancreatitis,  trauma,
urgery,  or  peptic  ulcer  disease.  Among  visceral  pseu-
oaneurysms,  frequently  noted  sites  include  the  splenic
rtery,  pancreatoduodenal  artery,  and,  less  often,  the  cystic
rtery  [2].  By  contrast  to  true  aneurysms,  pseudoaneurysms
o  not  contain  all  three  layers  of  the  vascular  wall  and
re  thus  more  fragile.  Pseudoaneurysms  contain  a  sin-
le  loose  connective  tissue  layer  and  have  a  tendency  to
nlarge  progressively  and  rupture,  and  so  must  be  managed
3,4].  Various  embolic  materials  have  been  used  success-
ully,  including  N-butyl  2-cyanoacrylate  (NBCA),  microcoils,
elatin  sponge  particles,  ethanol,  polyvinyl  alcohol,  and
hrombin  [5—7].
Although  various  materials  have  been  used  to  embolize
seudoaneurysms,  coils  are  used  most  often  while  liquid
mbolic  materials  such  as  NBCA  are  rarely  used  because
f  handling  difﬁculty  and  concerns  regarding  potentially
atal  complications  related  to  ischemic  injury.  NBCA  allows
apid  and  permanent  embolization  with  rapid  polymeriza-
ion  when  in  contact  with  blood  [8].  Serious  complications,
ncluding  bowel  ischemia  or  innocent  vessel  embolization,
ave  been  reported  only  rarely  and  can  be  minimized  by
reating  patients  with  appropriate  indications  and  ensur-
ng  that  the  procedures  are  performed  carefully  by  trained
ersonnel  [4,8,9].
In  this  report,  we  present  our  experiences  regarding
ndovascular  management  using  NBCA  for  visceral  pseudoa-
eurysms  in  thirteen  patients,  together  with  a  review  of  the
iterature.
atient and methods
atients
etween  June  2004  and  February  2014,  13  patients  (9
ales  and  4  females;  age  range,  26—80  years;  mean,
7.9  years)  were  referred  to  our  department  for  angiog-
aphy.  All  13  patients  had  previously  undergone  diagnostic
maging  studies,  and,  in  particular,  contrast-enhanced
ulti-detector  computed  tomography  (MDCT)  or  three-
imensional  MDCT  angiography.
Angiography  was  performed  in  cases  of  hemorrhage
ithin  1—5  days  after  clinical  signs,  laboratory  data,  or
elevant  imaging  ﬁndings,  and  two  asymptomatic  patients
nderwent  angiography  electively.  This  study  was  performed
etrospectively  in  compliance  with  the  requirements  of  our
nstitutional  review  board,  and  informed  consent  for  angiog-
aphy  and  embolization  was  obtained  from  each  patient  or
he  patient’s  family.
ndovascular technique
fter  common  femoral  artery  puncture,  standard  angiogra-
hy  was  performed.  A  2.4-F  microcatheter  was  introduced
oaxially  into  the  5-F  catheter,  and  the  tip  of  the  micro-
atheter  was  placed  as  close  as  possible  to  the  neck  of  the
seudoaneurysm.  However,  if  the  catheter  tip  could  not  be
p
r
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roperly  positioned  at  the  pseudoaneurysm  neck  because
f  the  artery’s  small  caliber  or  tortuosity,  it  was  wedged
nto  the  inlet  of  the  arteries  to  be  embolized  so  as  to  limit
etrograde  pericatheter  reﬂux  of  the  NBCA  mixture.
Once  the  microcatheter  was  in  place,  a  mixture  of
BCA  (Histoacryl  Blue®;  B.  Braun,  Melgungen,  Germany)
nd  ethiodized  oil  (Lipiodol  Ultra-Fluide®;  Guerbet,  Roissy-
harles-de-Gaulle,  France,  Switzerland)  at  a  ratio  of  1:3
as  prepared.  The  iodized  oil  provided  radioopacity  to  the
ixture  and  delayed  the  polymerization  time.  Angiogra-
hy  and  embolization  were  performed  by  an  interventional
adiologist.  Prior  to  injection  of  the  NBCA  mixture,  the
umen  of  the  microcatheter  was  ﬂushed  with  5%  dex-
rose  to  prevent  polymerization  before  reaching  the  arterial
egments.  The  NBCA  mixture  was  injected  using  a  1-mL
yringe  and  under  careful  ﬂuoroscopic  monitoring  until  it
lled  the  outﬂow,  pseudoaneurysm  neck,  and  parent  artery
nﬂow.  Immediately  after  injection,  the  microcatheter  was
emoved  to  prevent  adherence  of  the  catheter  tip  to  the
essel  wall.  The  inner  lumen  of  the  guiding  catheter  was
hen  cleared,  and  post-embolic  angiography  was  performed
Figs.  1—3).
The  technical  and  clinical  outcomes  were  followed  in
erms  of  the  immediate  control  of  bleeding,  recurrence
f  bleeding,  and  complications.  Following  embolization,
atients  were  monitored  for  clinical  symptoms  and  signs  of
leeding  as  well  as  hemoglobin  levels,  and  they  underwent
ptional  imaging  studies,  as  needed.  Patients  were  followed
p  after  discharge  on  an  outpatient  basis.
esults
he  pseudoaneurysms  were  located  on  the  gastroduode-
al  artery  (n  =  1),  pancreaticoduodenal  artery  (n  =  2),  dorsal
ancreatic  artery  (n  =  1),  proximal  jejunal  artery  (n  =  1),
olic  artery  (n  =  1),  splenic  artery  (n  =  3),  renal  artery  (n  =  4,
wo  in  one  patient),  and  hepatic  artery  (n  =  1)  (Table  1).  The
neurysms  ranged  from  4  to  25  mm  in  diameter,  as  measured
rom  the  angiograms.  Active  bleeding  from  an  aneurysm  pre-
ented  as  contrast  extravasation  on  the  angiograms.
The  predisposing  etiologies  were  as  follows:  splenic
rtery  pseudoaneurysms  caused  by  chronic  pancreatitis
n  = 2)  or  after  total  gastrectomy  due  to  gastric  cancer
n  = 1);  iatrogenic  pseudoaneurysms  occurring  after  a  biopsy
r  laparoscopic  lumpectomy  of  a  2.5-cm  renal  cell  tumor;
 gastroduodenal  artery  pseudoaneurysm  after  Whipple’s
rocedure  for  ampulla  of  Vater  cancer;  a  hepatic  artery
seudoaneurysm  after  percutaneous  transhepatic  biliary
rainage  for  biliary  lithiasis;  and  an  anterosuperior  pancre-
toduodenal  artery  pseudoaneurysm  because  of  pancreatic
ancer  in  a  patient  who  had  been  medicated  with  warfarin
or  40  years  because  of  an  arterial  ﬂutter.
Transcatheter  embolization  using  the  liquid  agent  NBCA,
eferred  to  as  ‘glue’,  was  performed  initially  during  our
arly  clinical  experience  in  two  patients,  combined  with
he  use  of  a  coil.  NBCA  embolization  was  successful  in  all
f  our  patients,  and  there  was  complete  occlusion  of  all
seudoaneurysms.  There  were  only  two  minor  complications
elated  to  the  embolization  procedure.  One  patient  (patient
)  showed  persistent,  minor  hematuria  without  a  signiﬁ-
ant  decrease  in  the  hematocrit  reading  for  3  days,  while
N-butyl  cyanoacrylate  (NBCA)  embolization  of  visceral  pseudoaneurysms  565
Figure 1. A 49-year-old male patient with inferior pancreaticoduodenal arcade pseudoaneurysm rupture: a: axial computed tomography of
the abdomen showed a 2.2-cm ruptured pseudoaneurysm at the inferoposterior aspect of the pancreas; b: superior mesenteric arteriography
demonstrated a pseudoaneurysm in the midportion of the inferior pancreaticoduodenal artery with prominent contrast media leakage,
indicating active bleeding; c: the microcatheter tip was positioned near the pseudoaneurysm neck, and embolization with the N-butyl
cyanoacrylate (NBCA) mixture was performed using the isolation technique; d: post-embolization arteriography showed that the cast of the
d
c
t
w
cNBCA mixture selectively occluded the pseudoaneurysm.
a  second  patient  (patient  5)  showed  subsegmental  haziness
at  the  right  lung  base,  which  was  suspected  of  being  subseg-
mental  lung  embolization,  although  there  was  no  apparent
associated  clinical  manifestation.  Among  the  patients  with
active  bleeding,  one  (patient  12)  was  affected  more  severely
than  the  others;  however,  his  overall  condition,  even  after
the  development  of  an  acute  hemorrhage,  did  not  dete-
riorate  and  was  maintained  via  transfusion.  No  patient
w
s
O
Figure 2. A 35-year-old male patient with a left inferior segment, 
biopsy: a: left renal arteriography showed a pseudoaneurysm with an art
right renal artery on the arterial phase after a left renal biopsy; b: afte
glue embolization was performed using the isolation technique; c: pos
cyanoacrylate (NBCA) mixture occluded both the inﬂow and the pseudoaeveloped  hypovolemic  shock  or  disseminated  intravascular
oagulation.  One  patient  (patient  7)  had  a  history  of  long-
erm  warfarin  use,  but  his  International  Normalized  Ratio
as  maintained  at  2.  Neither  recurrent  active  bleeding  nor
linical  evidence  of  end-organ  damage  after  embolization
as  noted  during  the  follow-up  period.  Follow-up  imaging
tudies  did  not  show  aneurysms  or  evidence  of  bleeding.
ne  patient  died  3  months  later  from  an  existing  malignant
interlobal, renal artery pseudoaneurysm who underwent a renal
eriovenous ﬁstula at the posterior inferior segmental branch of the
r the microcatheter tip was positioned near the pseudoaneurysm,
t-embolization arteriography showed that the cast of the N-butyl
neurysm.
566  Y.  Won  et  al.
Figure 3. A 26-year-old male patient with a pseudoaneurysm in the proximal jejunum: a: superior mesenteric arteriography showed focal
contrast media collection in the proximal jejunum, indicating a pseudoaneurysm; b: the microcatheter was advanced within the jejunal
branch, and the pseudoaneurysm was conﬁrmed. The 25% glue solution (histoacryl blue with lipiodol) was retained and conﬁned within the
jejunal branch; c: after embolization, follow-up arteriography through the outer catheter conﬁrmed a completely occluded pseudoaneurysm
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rnd preservation of the adjacent vessels.
isease  and  poor  general  condition.  Our  patients  with  the
ongest  follow-up  times  have  experienced  no  adverse  events
ven  after  10  years.
iscussion
seudoaneurysms  are  caused  by  trauma,  inﬂammation,
urgery,  and  cancer;  they  are  characterized  by  a  weak-
ned  or  disrupted  arterial  wall  with  encapsulation  by  ﬁbrous
issue  [4,6].  Therefore,  treatment  of  pseudoaneurysms
s  highly  recommended  because  bleeding  from  pseudoa-
eurysms  is  associated  with  high  mortality  rates  [10,11].
seudoaneurysms  may  be  distinguished  from  true  aneurysms
oth  clinically  and  by  imaging.  Clinically,  patients  with
seudoaneurysms  present  with  a  history  of  trauma,  intra-
bdominal  or  retroperitoneal  inﬂammation  or  malignancy,
r  manipulation.  Imaging  revealed  focal,  lobulated  aneurys-
al  sac  disruption  surrounded  by  inﬂammation.  Patients  10
nd  12  had  no  deﬁnite  prior  traumatic  or  inﬂammatory  histo-
ies.  We  thus  performed  various  vasculitis-  and  autoimmune
isease-related  examinations,  but  the  ﬁndings  were  nega-
ive.
Angiographic  imaging  revealed  that  patient  10  had  an
rregularly  shaped  aneurysm.
Patient  12  had  a  history  of  alcohol  abuse;  thus,  we  sus-
ected  that  subclinical  pancreatitis  was  the  cause  of  the
seudoaneurysm.  This  patient  had  already  presented  with  a
uptured  aneurysm;  thus,  we  performed  embolization  using
BCA.  NBCA  may  be  used  to  successfully  manage  a  pseudoa-
eurysm  or  a  false  aneurysm,  but  most  of  our  patients  had
seudoaneurysms.
Endovascular  embolization  has  gained  widespread  accep-
ance  for  the  optimal,  initial  treatment  of  unruptured  (or
ven  of  ruptured)  aneurysms  because  it  is  less  invasive  and
ore  selective  than  traditional  techniques.  Compared  with
ndovascular  embolization  of  an  aneurysm,  the  ‘traditional’
ethod  of  surgical  clipping  may  be  more  invasive  and  dif-
cult  to  accomplish  in  cases  involving  a  large  hematoma
ecause  the  aneurysm  itself  can  be  missed  during  laparo-
omy  [5,12,13].
l
‘
iThe  use  of  metallic  coils  has  been  reported  in  several
tudies,  and  many  interventional  radiologists  favor  them  for
he  treatment  of  visceral  pseudoaneurysms;  this  is  because
hey  are  assumed  to  have  no  association  with  any  potential
isk  of  arterial  rupture  due  to  the  high-pressure  injection
f  gelatin  sponge  particles.  Also,  coils  can  be  delivered
irectly  into  the  sac  of  a  pseudoaneurysm  without  compro-
ising  the  patency  of  the  parent  artery.  However,  NBCA  has
ore  several  beneﬁts  as  an  embolic  agent  to  occlude  vis-
eral  pseudoaneurysms  because  visceral  pseudoaneurysms
ften  have  complex  shapes  with  many  arteries  and  collat-
ral  vessels.  The  vessels  may  also  be  too  small  or  have  too
ortuous  a  course  to  achieve  super-selective  catheterization
nd  stable  catheter  positioning,  both  of  which  are  essen-
ial  for  achieving  ideal  coil  embolization  [14,15].  The  bowel
schemia  rate  is  of  relatively  little  concern  because  collat-
ral  vessels  develop.  For  these  reasons,  the  liquid  properties
nd  low  viscosity  of  NBCA  make  it  beneﬁcial  as  an  embolic
aterial  for  visceral  pseudoaneurysms  versus  the  use  of
oils.
NBCA  solidiﬁes  rapidly;  thus,  some  operators  may  be  hes-
tant  to  use  it.  However,  this  problem  can  be  overcome
y  familiarization  with  the  dilution  time  of  the  NBCA  mix-
ure  with  iodized  oil  and  ﬂuoroscopic-guided  monitoring.
n  an  experimental  study,  Stoesslein  et  al.  [16]  indicated
hat  a  mixture  of  NBCA  and  iodized  oil  at  a mixing  ratio
f  1:3—1:4  provided  an  optimal  embolic  material  with  a
olymerization  time  of  7.5—11.5  s  and  with  excellent  con-
rast  deﬁnition.  However,  the  in  vivo  polymerization  time
or  NBCA  appears  to  be  shorter  than  the  in  vitro  time
ue  to  the  higher  body  temperature  and  higher  anion
oncentration  in  the  intravascular  environment.  Pollak  and
hite  [9]  suggested  that  the  estimated  NBCA  polymeriza-
ion  time  in  vivo  for  iodized  oil  mixtures  prepared  at  ratios
f  1:1  and  1:4  was  1—4  s,  and  that  there  was  a  linear
elationship  between  the  polymerization  time  and  mixture
atio.Theoretically,  there  are  two  methods  for  the  endovascu-
ar  transcatheter  embolization  of  an  aneurysm.  One  is  the
‘packing’’  technique,  which  deploys  the  embolic  material
nto  the  aneurysm  sac  and  which  is  preferable  and  more
N
-butyl
 cyanoacrylate
 (N
BCA)
 em
bolization
 of
 visceral
 pseudoaneurysm
s
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Table  1 Clinical  data  and  outcome  of  patients.
Number  Sex/age  (year) Symptom  Site  of  Lesion
Size
Etiology  Embolic  agent  Immediate  outcome  Complication
1  M/35  Rupture Lt.renal  a.
(15  mm)
Biopsy  Glue  Success  Hematuria  for
3  days
2  M/75  Rupture Splenic  a.
(15  mm)
Pancreatitis Glue  Success  No
3  M/56  Rupture Splenic  a.
(15  mm)
Surgery  for
gastric  cancer
Glue  Success  No
4  M/52  Asymptomatic  Splenic  a.
(20  mm)
Pancreatitis Glue  Success  No
5  F/72  Asymptomatic  Lt.renal  a.
(25  mm,  10  mm)
Surgery  for  renal
cell  ca.
Glue  Success  Asymptomatic
pulmonary
embolization
6  F/53  Rupture Gastroduodenal  a.
(15  mm)
Surgery  for
ampullar  of  Vater
cancer
Glue  and  coil Success  No
7  M/67  Rupture  Anterior  superior  PDA
(22  mm)
R/O  duodenal
cancer  and
arterial  ﬂutter
Glue  and  coil  Success  No
8  M/70  Rupture  RHA  anterior  division
(6  mm)
Post-PTBD  Glue  Success  No
9  F/80  Gradual  growing Rt.colic  a.
(25  mm)
Post.operation Glue  Success  No
10  M/26  Rupture Proximal  jejuna  a.
(6  mm)
Not  known Glue  Success  No
11  M/40  Rupture  Rt.renal  a.
(20  mm)
Trafﬁc  accident  Glue  Success  No
12  M/49  Rupture  Inferior  posterior
PDA(22  mm)
R/O pancreatitis  Glue  Success  No
13  F/78  Rupture Dorsal  pancreatic  a.
(4  mm)
Post.Whipple  op. Glue  Success  No
M: male; F: female; PDA: pancreaticoduodenal artery; RHA: right hepatic artery; PTBD: percutaneous thranshepatic biliary drainage; Lt.: left; Rt.: right; a.: artery; ca.: cancer; op.:
operation.
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[68  
elective  than  the  ‘‘isolation’’  technique,  which  excludes
he  inﬂow,  neck,  and  outﬂow  of  the  pseudoaneurysm  from
he  circulation.  We  planned  to  differentiate  the  dilution
ate  depending  on  the  embolization  technique  for  packing
nd  isolation  as  follows:  when  both  a  stable  catheter  posi-
ion  and  super-selection  were  feasible,  we  used  the  packing
echnique  with  a  higher  mixing  ratio  of  NBCA  to  lipiodol  (1:1
o  1:2)  to  avoid  prolonged  polymerization  and  to  prevent
igration  of  embolic  materials  into  the  feeding  artery.  How-
ver,  when  the  microcatheter  could  not  readily  approach
he  pseudoaneurysm  entrance  and  a  stable  catheter  posi-
ion  could  not  be  achieved,  we  used  the  isolation  technique,
ith  a  lower  NBCA  to  Lipiodol® Ultra-Fluide  mixing  ratio
1:3).  In  fact,  the  selection  of  a  pseudoaneurysm  neck  is
arely  achieved  in  cases  of  visceral  pseudoaneurysm,  and
here  is  a  risk  of  pseudoaneurysm  rupture  when  deploying
he  embolic  material  due  to  the  increase  in  intra-aneurysmal
ressure  [10,17].  We  treated  most  cases  with  the  isolation
echnique  and  ﬁxed  the  ratio  at  1:3  (i.e.,  25%  NBCA).  The
onstant  polymerization  time  and  viscosity  allow  the  oper-
tor  to  become  accustomed  to  the  mixture’s  properties  as
ell  as  the  injection  speed  so  that,  after  adequate  train-
ng,  the  operator  could  modify  the  force  and  speed  of  the
njection  under  careful  monitoring  with  ﬂuoroscopic  guid-
nce.
The  combined  use  of  a  microcoil  and  NBCA  is  also  a  suc-
essful  strategy  because  coil  embolization  decreases  blood
ow  and  prevents  distal  embolization,  and  the  procedure
ecreases  the  amount  of  NBCA  injected  and  the  number  of
oils  used.
As  NBCA  becomes  more  widely  used,  instances  of  its
uccessful  employment  in  the  uterine  artery  and  periph-
ral  extremity  embolization  are  appearing  in  the  literature.
otably,  NBCA  does  not  seem  to  be  associated  with  any  seri-
us  end-organ  injury  issues  [18,19].
None  of  our  patients  developed  symptomatic,  end-organ
nfarctions,  except  for  a  small  degree  of  subsegmental  pul-
onary  infarction,  with  no  related  symptoms,  and  our  high
uccess  rates  correspond  with  those  in  previous  reports
4,8].  According  to  our  experience,  endovascular  transcat-
eter  NBCA  injection  was  both  safe  and  relatively  easy  to
erform  in  the  setting  of  the  interventional  radiology  suite,
lthough  NBCA  is  a  risky  embolic  material  that  can  cause
evere  complications.  A  small  number  of  complications
ave  been  reported  using  the  technique,  including  dis-
ant  embolization,  visceral  ﬁstula,  septic  complications,  and
ancreatitis.  Thus,  the  long-term  efﬁcacy  and  the  potential
f  this  technique  to  become  a  standard  treatment  strategy
emain  to  be  determined  in  larger  randomized  trials.  Our
tudy  has  several  limitations.  The  ﬁrst  is  the  limited  num-
er  of  patients  and  the  retrospective  nature  of  the  study.
econd,  no  comparison  with  other  embolic  agents  was  per-
ormed.
Based  on  our  experience  and  literature  review,  selective
ranscatheter  embolization  using  NBCA  for  the  treatment  of
isceral  pseudoaneurysms  is  an  efﬁcient  endovascular  treat-
ent  tool  that  can  be  used  as  a  ﬁrst-attempt  treatment
o  achieve  bleeding  control  of  a  ruptured  pseudoaneurysm
nd  to  seal  an  unruptured  pseudoaneurysm  in  the  clini-
al  setting  of  a  well-organized  interventional  suite.  The
ethod  is  relatively  low-cost  and  affords  a  high  rate  of
uccess.
[Y.  Won  et  al.
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